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(54) VALVE TIMING CONTROL DEVICE FOR ENGINE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a valve timing 
control device capable of ensuring running performance 
of necessary minimum limit by preventing deterioration 
of combustion of an engine, even in the case of trouble 
in a throttle sensor system. 
SOLUTION: In an engine with variable valve timing 
mechanism, a valve timing control device sets target 
valve timing VTTGT based on a detection value of at 
least a throttle opening sensor. When abnormality is 
detected in a throttle sensor system with an output value 
from the throttle opening sensor coming out of a 
specified value (FNGTH=1), the target valve timing 
VTTGT is set to the most delay angle (S17). In this way, 
even in the case that idling of the engine can not be 

detected, fail-safe control 4s performed, running performance of required minimum limit is 
ensured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A means of communication which transmits rotation of an engine crankshaft to a cam shaft of 
a cam which performs closing motion of an intake valve or an exhaust air bulb An adjustable valve 
timing device in which it is interposed in said means of communication, and a rotation phase between 
said crankshafts and cam shafts is adjusted A throttle sensor system for acquiring throttle information on 
said engine It is the valve-timing control unit of an engine equipped with the above, and is characterized 
by to have a valve-timing setting means set up desired value of said rotation phase based on throttle 
information at least, are the valve-timing control unit of an engine which controls said adjustable valve 
timing device as completed as said desired value by rotation phase of a cam location to a criteria crank 
angle, and set said adjustable valve-timing device as the maximum lag when abnormalities of said 
throttle sensor system are detected. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the valve timing control unit in the engine with 
an adjustable valve timing device which changes one [ at least ] valve timing of an engine intake valve 
and an exhaust air bulb according to an engine operation condition, in detail, this invention controls 
valve timing based on throttle information at least, and in case throttle sensor systems are abnormalities, 
it relates to the valve timing control unit of the engine which carries out fail-safe control of the engine. 
[0002] 

[Description of the Prior Art] To the means of communication which transmits rotation of an engine 
crankshaft to the cam shaft of the cam which performs closing motion of an intake valve or an exhaust 
air bulb as indicated by JP,8-109840,A etc. in recent years By making the adjustable valve timing device 
in which the rotation phase between a crankshaft and a cam is adjusted intervene, and controlling an 
adjustable valve timing device based on an engine operation condition The engine with an adjustable 
valve timing device which changes continuously one [ at least ] bulb closing motion timing of an intake 
valve and an exhaust air bulb according to an engine operation condition is put in practical use. 
[0003] In the valve timing control in such an engine, the desired value (aim valve timing) VTTGT of a 
rotation phase is first set up based on an engine operation condition. Next, a difference with the real 
valve timing VT which shows this aim valve timing VTTGT and actual valve timing is computed. 
Furthermore, according to both difference, the controlled variable to the oil flow control valve OCV of 
the adjustable valve timing device VVT is set up. And feedback control is performed so that it may 
converge on the aim valve timing VTTGT to which the real valve timing VT suits an engine operation 
condition. 

[0004] Under the present circumstances, the aim valve timing VTTGT is set up according to the throttle 
information detected by throttle sensors, such as a throttle opening sensor, as shown in JP,6-213020,A. 
Moreover, when an engine is judged to be the idle state of a throttle-valve close by-pass bulb completely 
based on a throttle sensor output, aim valve timing is set as the maximum lag (zero). And according to 
the difference of this aim valve timing (the maximum lag) and real valve timing, the controlled variable 
to an oil flow control valve is set up. By this, valve timing is controlled to the maximum lag at the time 
of a throttle-valve close by-pass bulb completely, and he abolishes bulb overlap, and is trying to 
idle rotation. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the valve timing control unit in consideration of 
such throttle opening, once a throttle sensor system breaks down, control based on throttle information 
cannot be performed. That is, throttle opening cannot be detected when a throttle sensor system becomes 
abnormalities by an open circuit, short-circuit, etc. of the harness between the throttle sensor itself or a 
throttle sensor, and an electronic control etc. Therefore, the aim valve timing VTTGT set up based on 
throttle information (throttle opening) will be set up incorrect, and valve timing will be controlled based 
on the incorrect-set-up aim valve timing. For this reason, the valve timing which suits an engine 
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operation condition could not be obtained, but the technical problem that aggravation and ******** Q f 
engine combustion were invited occurred. 

[0006] It controls engine power while this invention performs fail-safe control when detection of throttle 
opening is impossible, it prevents aggravation of engine combustion in view of the above-mentioned 
situation and stabilizes an engine action, and it aims at offering the valve timing control unit in the 
engine with an adjustable valve timing device which can secure necessary minimum performance 
traverse. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to 
claim 1 A means of communication which transmits rotation of an engine crankshaft to a cam shaft of a 
cam which performs closing motion of an intake valve or an exhaust air bulb, In an engine equipped 
with an adjustable valve timing device in which it is interposed in said means of communication, and a 
rotation phase between said crankshafts and cam shafts is adjusted, and a throttle sensor system for 
detecting throttle opening of said engine Based on throttle opening, desired value of said rotation phase 
is set up at least. It is the valve timing control unit of an engine which controls said adjustable valve 
timing device so that it is completed as said desired value by rotation phase of a cam location to a 
criteria crank angle. When abnormalities of said throttle sensor system are detected, it is characterized 
by having a valve timing setting means to set said adjustable valve timing device as the maximum lag. 
[0008] That is, abnormalities of a throttle sensor system are diagnosed in a valve timing control unit of 
an engine which controls an adjustable valve timing device by invention of claim 1 to converge on 
desired value to which a rotation phase of a cam location to a criteria crank angle was set based on 
throttle information at least. And when throttle sensor systems are abnormalities, an adjustable valve 
timing device is set as the maximum lag. When acquisition of throttle information is impossible, while 
preventing aggravation of engine combustion and stabilizing an engine action by this, engine power can 
be controlled, necessary minimum performance traverse can be secured, and it becomes possible to 
perform fail-safe control to failure of a throttle sensor system. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to details 
based on a drawing. First, the whole engine configuration with an adjustable valve timing device to 
which this invention is applied is explained according to drawing 1 . In this drawing, a sign 1 is an 
engine with an adjustable valve timing device (it is only hereafter written as an "engine"), and shows a 
DOHC level opposed type 4-cylinder gasoline engine in drawing. The cylinder head 2 is formed in 
right-and-left both banks of cylinder block la of this engine 1, respectively, and suction-port 2a and 
exhaust air port 2b are formed in each cylinder head 2 for every gas column. 

[0010] As an inhalation-of-air system of an engine 1, an intake manifold 3 is opened for free passage by 
each suction-port 2a, and the throttle chamber 5 in which throttle- valve 5 a interlocked with an 
accelerator pedal was infixed is opened for free passage through the brakes servo-motor 4 to which the 
inhalation-of-air paths of each gas column gather to this intake manifold 3. And an air cleaner 7 is 
attached in the upstream of this throttle chamber 5 through an inlet pipe 6, and the chamber 8 is opened 
for free passage by the air intake path connected to this air cleaner 7. 

[001 1] Moreover, the bypass path 9 which bypasses throttle-valve 5 a is connected to the above- 
mentioned inlet pipe 6, and the idle revolving-speed-control valve (ISC valve) 10 which controls idle 
rpm by adjusting the bypass air content which flows this bypass path 9 by whenever [ that valve- 
opening ] to this bypass path 9 at the time of an idle is infixed. 

[0012] Furthermore, the injector 1 1 is arranged in the style of [ of suction-port 2a of each gas column of 
the above-mentioned intake manifold 3 ] right above. Moreover, the ignition plug 12 which exposes the 
discharge electrode at a tip to a combustion chamber is arranged by the cylinder head 2 for every gas 
column. And each point fire plug 12 is connected to the ignition coil 13 with a built-in ignitor. 
[0013] On the other hand as an exhaust air system of an engine 1, an exhaust pipe 15 is opened for free 
passage by the set section of the exhaust manifold 14 which is open for free passage to each exhaust air 
port 2b of the cylinder head 2, a catalytic converter 16 is infixed in this exhaust pipe 15, and the muffler 
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17 is open for free passage. 

[0014] Next, based on drawing 1 - drawing 7 , the adjustable valve timing device of an engine 1 is 
explained. Rotation of the crankshaft 18 of an engine 1 is transmitted to each air inlet cam shaft 19 and 
each exhaust cam shaft 20 which were arranged in each cylinder head 2 of a right-and-left bank by the 
means of communication, respectively. A means of communication is constituted in this gestalt by the 
exhaust cam pulley 24 grade fixed to the crank pulley 21 fixed to the crankshaft 18, the timing belt 22, 
the air inlet cam pulley 23, and the exhaust cam shaft 20. Moreover, through these belts and a pulley, the 
transfer factor is set up so that a crankshaft 18 and cam shafts 19 and 20 may serve as angle of rotation 
of 2 to 1 . And cam 19a prepared in the air inlet cam shaft 19 and the exhaust cam (not shown) prepared 
in the exhaust cam shaft 20 carry out the closing motion drive of an intake valve 25 and the exhaust air 
bulb 26 based on rotation of a crankshaft 18 and each cam shafts 19 and 20 maintained by angle of 
rotation of 2 to 1, respectively. 

[0015] Moreover, as shown in drawing 2 , the adjustable valve timing device (it is hereafter written as 
"VVT") 27 of the hydraulic-drive type which carries out relative rotation of this air inlet cam pulley 23 
and the air inlet cam shaft 19, and changes continuously the rotation phase (whenever [ displacement 
angle ]) of the air inlet cam shaft 19 over a crankshaft 18 is arranged each air inlet cam shaft 19 of a 
right-and-left bank, the air inlet cam pulley 23, and in between. 

[0016] As everyone knows, oil pressure is switched by oil flow control valve (it is hereafter written as 
"OCV") 36R (36L) which operates with the driving signal from the below-mentioned electronic control 
60, and this VVT27 drives by it. In addition, in the following, the suffixes L and LH in a sign express R, 
and a right bank and RH express a left bank. 

[0017] The air inlet cam shaft 19 is supported free [ rotation ] between the cylinder head 2 and a bearing 
cap (not shown), and **-NROTA 28 which states three to the point of the air inlet cam shaft 19, and has 
- N 28a in it as shown in drawing 2 - drawing 4 is really attached pivotable with the bolt 29. 
[0018] Moreover, housing 30 and a housing cover 31 are really attached in the air inlet cam pulley 23 
pivotable with the bolt 32. Moreover, much external-tooth 23a for ****(ing) a timing belt 22 is formed 
in the periphery of the air inlet cam pulley 23. 

[0019] And the above-mentioned housing cover 31 is penetrated free [ rotation of the air inlet cam shaft 
19 ], and it is contained free [ rotation ] by the three flabellate form space sections 33 which it is fixed to 
the air inlet cam shaft 19, and are eaten and by which each **-N 28a of - NROTA 28 was formed in the 
air inlet cam pulley 23 and the housing 30 of one. Each flabellate form space section 33 is divided by 
**-N 28a at tooth-lead-angle room 33a and lag room 33b, respectively. 

[0020] The above-mentioned tooth-lead- angle room 33a is opened for free passage by A port 36a of 
OCV36R (36L) through the tooth-lead-angle side oil paths 28b, 19b, and 34 formed in the vane rotor 28, 
the air inlet cam shaft 19, and the cylinder head 2, respectively. Moreover, lag room 33b is opened for 
free passage by B port 36b of OCV36R (36L) through the lag side oil paths 28c, 19c, and 35 formed in 
the vane rotor 28, the air inlet cam shaft 19, and the cylinder head 2, respectively. 
[0021] Moreover, oil supply-port 36c which connects OCV36R (36L) to the oil supply path 40 to which 
oil, i.e., predetermined oil pressure, is supplied through an oil pump 38 and an oil filter 39 from an oil 
pan mechanism 37 further, Spool 36g which has the drain ports 36d and 36f which are open for free 
passage to two drain paths 41 and 42, respectively, and has three passages formed among four a land and 
each land by making shaft orientations reciprocate A port 36a, B port 36b, and oil supply-port 36c and 
drain port 36d — or 36f is opened for free passage alternatively. 

[0022] That is, this OCV36R (36L) is four directional control valves which switch the flow direction of 
oil by consisting of a linear solenoid valve or a duty solenoid valve, and making shaft orientations carry 
out both-way migration of the spool 36g. And by current-controlling or duty controlling OCV36R (36L) 
with the below-mentioned electronic control 60, the opening is adjusted and the magnitude of the oil 
pressure supplied to each tooth-lead-angle room 33a and lag room 33b is adjusted. 
[0023] In addition, 28d of signs is the stopper pin which persisted at vane 28a of the vane rotor 28, and 
when WT is in the maximum lag condition (refer to drawing 4 ), they position by engaging with hole 
30a formed in housing 30. 
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[0024] In addition, drawing 3 shows the maximum tooth-lead-angle condition of VVT27, and drawing 4 
shows the maximum lag condition of VVT27. 

[0025] Although it will mention later in detail here if actuation of VVT27 is explained It is fixed to 
revolve by the crankshaft 18 and synchronizes with a crankshaft 18. The crank angle sensor 44 as 1st 
rotation location detection sensor which outputs the crank pulse which detects the crank angle index by 
the projections 43a, 43b, and 43c (refer to drawing 8 ) formed in the crank rotor 43 to rotate for every 
predetermined crank angle, and expresses a crank angle, It is fixed to the back end of the air inlet cam 
shaft 19, and synchronizes with the air inlet cam shaft 19. It has cam location sensor 46R (46L) as 2nd 
rotation location detection sensor which outputs the cam location pulse which detects the cam location 
index by projection 45a (refer to drawing 10 ) by which two or more formation was carried out for 
equiangular [ every ] to the rotating cam rotor 45, and expresses a cam location to it: The crank pulse 
outputted from the crank angle sensor 44 and the cam location pulse outputted from cam location sensor 
46R (46L) are inputted into an electronic control 60. And with this electronic control 60 The rotation 
phase of an air inlet cam location [ as opposed to a criteria crank angle based on a crank pulse and a cam 
location pulse ] 5 That is, feedback control of VVT27 is carried out so that it may converge on the desired 
value (aim valve timing) of the rotation phase which the rotation phase of the air inlet cam shaft 19 over 
a crankshaft 18 set up based on the engine operation condition. 

[0026] In the gestalt of this operation, VVT27 is formed only in the air inlet cam shaft 19 side, and as 
shown in drawing 5 , the closing motion timing of an intake valve 25 is changed to the closing motion 
timing of the exhaust air bulb 26. 

[0027] For example, as shown in drawing 6 , the basic fuel-injection pulse width Tp (=KxQ/NE;Q is an 
inhalation air content and K is an injector property amendment constant) showing an engine speed NE 
and an engine load is adopted as an engine operation condition, at the time of the idle of low load low 
rotation, closing motion timing of an intake valve 25 is lag-ized, overlap with the exhaust air bulb 26 
and an intake valve 25 is decreased, and idle rotation stabilization is attained. Moreover, carry out the 
tooth lead angle of the closing motion timing of an intake valve 25, overlap with the exhaust air bulb 26 
and an intake valve 25 is made to increase at the time of heavy load operation, improvement in engine 
power is aimed at by improvement in scavenging efficiency, and the optimal valve timing for the 
improvement in fuel consumption is further obtained at the time of low [ except low rotation of an idle 
etc. ], and inside load operation. 

[0028] In the gestalt of this operation, spool 36g, as shown in drawing 3 , it moves leftward (tooth-lead- 
angle-izing), and as shown in drawing 4 , it moves rightward, so that a current value is small, so that the 
current value outputted from an electronic control 60 to OCV36R (36L) is large, when adopting 
OCV36R (36L) by the linear solenoid valve (lag-izing). While drive current (control current value) is 
100mA - 1000mA, it is controlled by the OCV36R (36L) concerned, and the stroke of spool 36g is 
changed. And it is changed while the amount of connection of the tooth-lead-angle side oil path 34 or 
the lag side oil path 35, and the oil supply path 40 and the tooth-lead-angle side oil path 34 or the lag 
side oil path 35, and drain ports [ 36d and 36f ] amount of connection are 0 - 100% by this, and the 
passing speed by the side of the maximum tooth lead angle of the vane rotor 28 fixed to the air inlet cam 
shaft 19 or the maximum lag is changed. 

[0029] Namely, the aim valve timing (rotation phase desired value) set up based on the engine operation 
condition is received. The rotation phase of an air inlet cam location [ as opposed to a criteria crank 
angle based on the crank pulse outputted from the crank angle sensor 44, and the cam location pulse 
outputted from cam location sensor 46R (46L) ], namely, while the rotation phase (whenever 
[ displacement angle ]) of the air inlet cam shaft 19 over a crankshaft 18 is carrying out the tooth lead 
angle Electronic controls 60 decrease in number the current value outputted to OCV36R (36L), and 
carry out the lag of the rotation phase (whenever [ displacement angle ]) of the air inlet cam shaft 19 
over a crankshaft 18 by actuation of WT27. 

[0030] Here, if the amount of current decreases, spool 36g of OCV36R (36L) will move rightward [ of 
drawing ], and tooth-lead-angle room 33a of WT27 will be open for free passage because A port 36a 
and drain port 36d are open for free passage to the drain path 41 through the tooth-lead-angle side oil 
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paths 28b, 19b, and 34 and OCV36R (36L). Moreover, lag room 33b of VVT27 is open for free passage 
with this, to the oil supply path 40 through the lag side oil paths 28c, 19c, and 35 and OCV36R (36L) 
because B port 36b and oil supply-port 36c are open for free passage. 

[0031] While the oil pressure which acts on tooth- lead-angle room 33a with the drain of the oil in tooth- 
lead-angle room 33a of VVT falls by this Since the oil pressure which oil is supplied to lag room 33b, 
and acts on lag room 33b rises, As shown in drawing 4 , the vane rotor 28 rotates in the direction of a 
counterclockwise rotation of drawing. The rotation phase of the air inlet cam shaft 19 over the air inlet 
cam pulley 23, i.e., the rotation phase of the air inlet cam shaft 19 over a crankshaft 18, (whenever 
[ displacement angle ]) is lag-ized, and the lag of the closing motion timing of the intake valve 25 driven 
by air inlet cam 19a of the air inlet cam shaft 19 is carried out. 

[0032] The rotation phase of an air inlet cam location [ as opposed to / as opposed to / on the other 
hand / aim valve timing / a criteria crank angle to reverse ], namely, while the rotation phase (whenever 
[ displacement angle ]) of the air inlet cam shaft 19 over a crankshaft 18 is carrying out the lag An 
electronic control 60 increases the amount of current outputted to OCV36R (36L), and carries out the 
tooth lead angle of the rotation phase (whenever [ displacement angle ]) of the air inlet cam shaft 19 
over a crankshaft 18 by actuation of WT27. 

[0033] That is, if a current value increases, spool 36g of OCV36R (36L) will move leftward [ of 
drawing ], and tooth-lead-angle room 33a of VVT27 will be open for free passage because A port 36a 
and oil supply-port 36c are open for free passage to the oil supply path 40 through the tooth-lead-angle 
side oil paths 28b, 19b, and 34 and OCV36R (36L). Moreover, lag room 33b of VVT27 is open for free 
passage with this, to the drain path 42 through the lag side oil paths 28c, 19c, and 35 and OCV36R 
(36L) because B port 36b and drain port 36f are open for free passage. 

[0034] Consequently, while the oil pressure which oil is supplied to tooth-lead-angle room 33a of WT, 

and acts on tooth-lead-angle room 33a rises Since the oil pressure which acts on lag room 33b with the 

drain of the oil in lag room 33b falls, As shown in drawing 3 , the vane rotor 28 rotates in the direction 

of a clockwise rotation of drawing. The rotation phase of the air inlet cam shaft 19 over the air inlet cam 

pulley 23, i.e., the rotation phase of the air inlet cam shaft 19 over a crankshaft 18, (whenever 

[ displacement angle ]) is tooth-lead-angle-ized, and the tooth lead angle of the closing motion timing of 

the intake valve 25 driven by air inlet cam 19a of the air inlet cam shaft 19 is carried out. 

[0035] To the aim valve timing which is the rotation phase desired value (whenever [ aim displacement 

angle ]) set up by the above based on the engine operation condition, feedback control of VVT27 is 

carried out so that it may be completed by the rotation phase (whenever [ displacement angle ]) of the air 

inlet cam shaft 19 over a crankshaft 18. 

[0036] In addition, in the gestalt of this operation, as shown in drawing 7 (a), among the intake valve 25 
of each gas column, and the exhaust air bulb 26, in the intake valve 25 by the side of before, and the 
exhaust air bulb 26, the amount of bulb overlap at the time of the maximum lag of an intake valve 25 to 
the exhaust air bulb 26 is set as 6-degreeCA, and the amount of bulb overlap at the time of the maximum 
tooth lead angle is set as 56-degreeCA. Moreover, as shown in drawing 7 (b), among the intake valve 25 
of each gas column, and the exhaust air bulb 26, in the intake valve 25 on the backside, and the exhaust 
air bulb 26, the amount of bulb overlap at the time of the maximum lag of an intake valve 25 to the 
exhaust air bulb 26 is set as 10-degreeCA, and the amount of bulb overlap at the time of the maximum 
tooth lead angle is set as 60-degreeCA. 

[0037] Therefore, in this gestalt, the rotation phase to the crankshaft 18 (air inlet cam pulley 23) of each 
air inlet cam shaft 19 carries out 50-degree[ a maximum of] CA change by WT27. 
[0038] Next, the sensors for detecting an engine operation condition are explained. 
[0039] The inhalation air content sensor 47 of the heat type which used the hot wire or the hot film is 
infixed in the direct lower stream of a river of the air cleaner 7 of an inlet pipe 6. Moreover, the throttle 
opening sensors 48 which detect the opening of throttle-valve 5a as a throttle sensor (throttle 
information acquisition means) are formed successively by throttle- valve 5 a arranged by the throttle 
chamber 5. In addition, with the gestalt of this operation, although the opening of throttle-valve 5a is 
used as throttle information, as throttle information, not only the throttle opening itself but the 
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information which shows the condition of throttle-valve 5a, such as a throttle-valve 5a close by-pass 
bulb completely, is included. 

[0040] The throttle opening sensor 48 constitutes the throttle sensor system with the harness, the 
connector, etc., and the output signal from the throttle opening sensor 48 which expresses throttle 
opening as throttle information is inputted into an electronic control 60. And an electronic control 60 
sets up aim valve timing based on throttle opening information with the engine speed NE showing an 
above-mentioned engine operation condition, and the basic fuel-injection pulse width Tp. 
[0041] Moreover, a knock sensor 49 is attached in cylinder block la of an engine 1, and the cooling 
coolant temperature sensor 51 is ****(ed) by the cooling water path 50 which opens right-and-left both 
banks of cylinder block la for free passage. And in the upstream of a catalytic converter 16, it is 02. 
The sensor 52 is arranged. 

[0042] Moreover, the crank angle sensor 44 is opposite-**(ed) by the periphery of the crank rotor 43 
fixed to revolve to the crankshaft 18 of an engine 1, the gas column distinction sensor 53 is further 
opposite-* *(ed) by the rear face of the air inlet cam pulley 23 which rotates 1/2 to a crankshaft 18 (refer 
to drawing 2 ), and cam location sensor 46R (46L) is opposite-**(ed) by the periphery of the cam rotor 
45 fixed to the back end of the air inlet cam shaft 19. 

[0043] As the above-mentioned crank rotor 43 is shown in drawing 8 , Projections 43a, 43b, and 43c are 
formed in the periphery, and these the projections 43a, 43b, and 43c of each are formed in the location in 
front of [ thetal, theta2, and theta3 ] the compression top dead center (BTDC) of each gas column (#1, # 
2 cylinder, and #3, # 4-cylinder). In this gestalt, they are thetal= 97-degreeCA, theta2= 65-degreeCA, 
and theta3= 10-degreeCA. 

[0044] Moreover, as shown in drawing 9 , the projections 23b, 23c, and 23d for gas column distinction 
are formed in the periphery side of the rear face of the air inlet cam pulley 23, projection 23b is formed 
in the location after [ theta 4 ] the compression top dead center (ATDC) of #3 and # 4-cylinder, 
projection 23c consists of three projections, and the first projection is formed in the location of 
ATDCtheta5 of # 1 cylinder. Furthermore, 23d of projections is formed by two projections, and the first 
projection is formed in the location of ATDCtheta6 of # 2 cylinder. In addition, it sets in this gestalt and 
they are theta4= 20-degreeCA and theta5= 5-degreeCA, It is theta6= 20-degreeCA. Moreover, the 
projections 23b, 23c, and 23d for these gas column distinction and the gas column distinction sensor 53 
are formed only in one bank. 

[0045] Furthermore, corresponding to the engine 1 adopted with this gestalt being a 4-cylinder engine, 
as the above-mentioned cam rotor 45 is shown in drawing 10 , a total of every one projection 45a [ four ] 
for cam location detection is formed in the periphery for equiangular [ of 180 degreeCA / every ]. And 
each [ these ] projection 45a changes with actuation of VVT27 between theta7=BTDC40"CA- 
ATDC10"CAs on the basis of the compression top dead center of each gas column. In addition, although 
the cam rotor 45 fixed to the air inlet cam shaft 19 by the side of RH is shown in drawing 10 Four 
projection 45a for cam location detection is similarly formed in the air inlet cam shaft 19 by the side of 
LH for equiangular [ of 180 degreeCA / every ] at the periphery. Each [ these ] projection 45a It changes 
with actuation of VVT27 between theta8=BTDC40"CA-ATDC10"CAs on the basis of the compression 
top dead center of each gas column. 

[0046] As shown in the timing diagram of drawing 11 , it follows on engine operation. And by rotation 
of a crankshaft 18, the air inlet cam pulley 23, and the air inlet cam shaft 19 The crank rotor 43 and a 
cam rotor 45 rotate, and each projections 43a, 43b, and 43c of the crank rotor 43 are detected by the 
crank angle sensor 44. Each crank pulse of thetal, theta2, and theta3 (BTDC97", 65 ", 10"CA) is 
outputted from the crank angle sensor 44 to every engine 1/2 rotation (180-degreeCA). Moreover, each 
projections 23b, 23c, and 23d of the air inlet cam pulley 23 are detected by the gas column distinction 
sensor 53 between theta3 crank pulse and thetal crank pulse, and the gas column distinction pulse of a 
predetermined number is outputted from the gas column distinction sensor 53. 

[0047] Each projection 45a of the cam rotor 45 fixed to the back end of each air inlet cam shaft 19 of a 
right bank and a left bank from which a rotation phase changes with WT(s)27 to a crankshaft 18 on the 
other hand is detected by the cam location sensors 46R and 46L, and the cam location pulse of theta7 
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and theta8 is outputted from the cam location sensors 46R and 46L, respectively. 
[0048] And it sets to the electronic control 60 for the following engine control (it is hereafter written as 
"ECU"). An engine speed NE is computed based on the input gap time amount of the crank pulse 
outputted from the crank angle sensor 44. The combustion line of each gas column Order (for example, 
# 1 cylinder -># 3 cylinder -># 2 cylinder -># 4-cylinder), Based on a pattern with the value which 
carried out counting of the gas column distinction pulse from the gas column distinction sensor 53 with 
the counter, a combustion line performs gas column distinction of a gas column, the gas column for fuel 
injection, or the gas column for ignition. 

[0049] Furthermore, ECU60 computes the rotation phase (whenever [ displacement angle ]) of the air 
inlet cam location to a criteria crank angle based on the crank pulse (for example, thetal pulse) outputted 
from the crank angle sensor 44 and theta 7 outputted from the cam location sensors 46R and 46L, and 
theta8 cam location pulse. Time amount after it can find the turnover time per unit angle from an engine 
speed NE and theta 7 and theta8 cam location pulse input into the time amount per this unit angle 
rotation here until thetal crank pulse inputs by carrying out multiplication It is possible to compute the 
rotation phase of the air inlet cam location to a criteria crank angle (whenever [ displacement angle ]), 
i.e., the rotation phase of each air inlet cam shaft 19 over a crankshaft 18, (whenever [ displacement 
angle ]). 

[0050] The operation of the controlled variable to actuators, such as OCV(s) 36R and 36L for the above 
ECU 60 to adjust the above-mentioned injector 1 1, an ignition plug 12, the ISC valve 10, and the oil 
pressure supplied to VVT27, As the output of a control signal, i.e., fuel-injection control, ignition timing 
control, idle revolving speed control, valve timing control (VVT control) to an intake valve 25, etc. are 
performed and it is shown in drawing 12 CPU61, ROM62, RAM63, backup RAM 64, the counter-timer 
group 65, and the microcomputer to which the I/O interface 66 is connected through a bus line are 
constituted as a center. The voltage stabilizer 67 which supplies a regulated power supply to each part, 
the drive circuit 68 connected to the above-mentioned I/O interface 66, and the circumference circuit of 
A/D-converter 69 grade are built in. 

[0051] in addition, the input gap of the timer for timed interrupts for the above-mentioned counter-timer 
group 65 to generate various counters, such as a free run counter and a counter for input counts of a gas 
column distinction sensor signal (gas column distinction pulse), the timer for fuel injection, the timer for 
ignition, and a timed interrupt, and a crank angle sensor signal (crank pulse) — a time check — various 
timers, such as the ** timer and a watchdog timer for the abnormality monitor in a system, are named 
genetically for convenience, and various kinds of software counter timers are used. 
[0052] The above-mentioned voltage stabilizer 67 is connected to a battery 71 through the 1st relay 
contact of the power supply relay 70 which has relay contact of two circuits, the end of the relay coil is 
grounded and, as for the power supply relay 70, the other end of a relay coil is connected to the drive 
circuit 68. In addition, the power supply line for supplying a power supply to each actuator is connected 
to the 2nd relay contact of the power supply relay 70 from the battery 71 . The end of an ignition switch 
72 is connected to a battery 71 , and the other end of this ignition switch 72 is connected to the input port 
of the I/O interface 66. 

[0053] Furthermore, directly, it connects with the battery 71, and if ON of an ignition switch 72 is 
detected and the contact of the power supply relay 70 serves as close, while the above-mentioned 
voltage stabilizer 67 will supply a power supply to each part in ECU60, it always supplies the power 
supply for backup to backup RAM 64 irrespective of ON of an ignition switch 72, and OFF. 
[0054] The speed sensor 54 for detecting a knock sensor 49, the crank angle sensor 44, the gas column 
distinction sensor 53, the cam location sensors 46R and 46L, and the vehicle speed is connected to the 
input port of the above-mentioned I/O interface 66, AID converter 69 is minded further, and it is the 
inhalation air content sensor 47, the throttle opening sensor 48, the cooling coolant temperature sensor 
51, and 02. While a sensor 52 is connected, the monitor of the battery voltage VB is inputted and 
carried out. 

[0055] On the other hand, while the ISC valve 10, an injector 11, OCV(s) 36R and 36L, the CHECK 
ENGINE lamp 55 as an alarm lamp which is arranged by the instrument panel which is not illustrated 
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and indicates the various alarms by intensive, and the relay coil of the power supply relay 70 are 
connected through the above-mentioned drive circuit 68, the ignitor of the ignition coil 13 with a built-in 
ignitor is connected to the output port of the above-mentioned I/O interface 66. 

[0056] moreover, for the above-mentioned I/O interface 66 By the connector 75 for external connection 
being connected and connecting the serial monitor (pocket mold fault read-out unit) 80 to this connector 
75 for external connection a I / O data [ in / by the serial monitor 80 / ECU60 ] — and The failure part 
containing the below-mentioned throttle sensor system NG flag FNGTH which shows the abnormalities 
of the throttle sensor system stored in the above-mentioned backup RAM 64 by the self-checking 
function of ECU60, and the trouble data in which the contents of failure are shown are read, and it is 
supposed that it is diagnosable. Furthermore, the serial monitor 80 can perform now the initial set 
(clearance) of the above-mentioned trouble data. 

[0057] In addition, a diagnosis and initial set of the trouble data based on this serial monitor 80 are 
explained in full detail by JP,7-76730,B by these people. 

[0058] While the above ECU 60 processes the detecting signal from the sensor switches inputted into 
ROM62 through the I/O interface 66 according to the control program memorized, battery voltage, etc. 
by CPU61 The various data stored in RAM63, the various study value data stored in backup RAM 64, It 
is based on the fixed data memorized by ROM62. And fuel oil consumption, The duty ratio of the 
control signal over ignition timing and the ISC valve 10, the control current value over OCV(s) 36R and 
36L, etc. are calculated, and engine control of fuel-injection control, ignition timing control, idle 
revolving speed control, valve timing control (WT control), etc. is performed. 
[0059] It sets to valve timing control as mentioned above here. The rotation phase of an air inlet cam 
location [ as opposed to a criteria crank angle based on the crank pulse outputted from the crank angle 
sensor 44, and the cam location pulse outputted from cam location sensor 46R (46L) ], Namely, the 
control current value over OCV(s) 36R and 36L is calculated so that it may be completed as the aim 
valve timing set up based on the engine operation condition by the rotation phase of the air inlet cam 
shaft 19 over a crankshaft 18. This control current is outputted to OCV(s) 36R and 36L, and feedback 
control of VVT27 is carried out. 

[0060] Under the present circumstances, aim valve timing is regulated by the throttle- valve opening 
which is one of the indexes of an engine operation condition. That is, ECU60 sets up aim valve timing 
for opening, a close by-pass bulb completely, etc. of throttle-valve 5a based on the throttle information 
which shows the current condition of throttle-valve 5a. And with the gestalt of the operation concerned, 
when throttle-valve 5a is judged to be the idle state of a close by-pass bulb completely, aim valve timing 
is set as the maximum lag, and is regulated. 

[0061] When abnormalities arise in a throttle sensor system, it becomes impossible therefore, to regulate 
this aim valve timing. That is, generating of an open circuit, short-circuit, etc. of the harness between 
throttle opening sensor 48 the very thing, or the throttle opening sensor 48 and ECU60, a connector, etc. 
produces the situation where transmission of the detection of throttle opening itself and detection data 
cannot accomplish. If this situation arises, acquisition of throttle information - throttle opening is 
correctly undetectable - will become difficult. For this reason, valve timing cannot be regulated proper 
according to throttle opening, and valve timing control according to an engine operation condition 
cannot be performed. 

[0062] Therefore, it faces performing valve timing control and the diagnosis to the throttle sensor system 
of throttle opening sensor 48 grade is required. 

[0063] In this case, when the output value of the throttle opening sensor 48 carries out setup-time 
continuation of the value which cannot usually be taken, it can be diagnosed that a throttle sensor system 
is unusual. For example, it can be judged that the throttle sensor system of the throttle opening sensor 48 
in the gestalt of this operation is unusual when neither the value not more than 0. IV nor the value 
beyond 4.9V is outputted and it usually continues beyond predetermined time (for example, 0.2sec). 
Therefore, in the gestalt of this operation, ECU60 diagnoses that a throttle sensor system is unusual, 
when the monitor of the output value of the throttle opening sensor 48 is carried out and the value 
carries out predetermined time continuation of the condition besides default value. And when a throttle 
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sensor system is diagnosed as unusual so that it may mention later, ECU60 performs fail-safe control 
and forms aim valve timing into the maximum lag. That is, ECU60 controls engine power and secures 
necessary minimum performance traverse while it prevents aggravation of engine combustion by the 
maximum lag-ization and stabilizes an engine action. 

[0064] That is, ECU60 realizes the function as a valve timing setting means concerning this invention. 
[0065] The valve timing control based on the diagnostic process and throttle information over the 
throttle sensor system which starts hereafter this invention performed by ECU60 is explained according 
to drawing 13 and the flow chart shown in 14. 

[0066] First, if an ignition switch 72 is turned on and a power supply is supplied to ECU60, a system 
will be initialized and each flag except the trouble data stored in backup RAM 64 and data, such as 
various study values, and each counters will be initialized. And if a starting switch (not shown) is turned 
on and an engine 1 starts, throttle sensor system diagnostic routine shown in every predetermined time 
(for example, 10msec) at drawing 13 will be performed. 

[0067] In this throttle sensor system diagnostic routine, when the throttle opening sensor output voltage 
VTH carries out setup-time continuation of the value which cannot usually be taken, failure of the 
throttle opening sensor 48, the abnormalities in wiring, etc. occur, and it is diagnosed that the throttle 
sensor system became abnormalities. 

[0068] Here, step SI compares the output voltage VTH of the throttle opening sensor 48 with the 
minimum judging threshold VL (for example, 0.1V) set up beforehand first. When the throttle opening 
sensor output voltage VTH is over the minimum judging threshold VL at this time, it progresses to step 

52, and it is compared with the maximum judging threshold VH (for example, 4.9V). The throttle 
opening sensor output voltage VTH diagnoses immediately that a throttle sensor system is normal at the 
case of under the maximum judging threshold VH, at i.e., the time of VL<VTH<VH, progresses to step 

53, and clears the throttle sensor system NG flag FNGTH (FNGTH<-0). And it progresses to step S4 
and is CHECK. Treatment which switches off the ENGINE lamp (engine-failure alarm lamp) 55 is 
performed, abnormality duration counted value CNG is cleared at step S5, and it escapes from a routine 
(CNG<-0). 

[0069] On the other hand, it judges whether at step SI, when the throttle opening sensor output voltage 
VTH is below the minimum judging threshold VL, or when the throttle opening sensor output voltage 
VTH is beyond the maximum judging threshold VH at step S2, it progresses to step S6, and the throttle 
sensor system NG flag FNGTH is already set. When the throttle sensor system NG flag FNGTH is 
cleared at step S6 (FNGTH=0), it progresses to step S7, and it is judged whether abnormality duration 
counted value CNG exceeded the set point CS (for example, 0.2sec considerable value), in addition ~ 
the case where the throttle sensor system NG flag FNGTH is already set - (FNGTH=1) - it escapes 
from a routine as it is. 

[0070] At step S7, when abnormality duration counted value CNG is under the set point CS, it 
progresses to step S8, and abnormality duration counted value CNG is counted up, and it escapes from a 
routine (CNGK-CNG +1). On the other hand, when abnormality duration counted value CNG exceeds 
the set point CS, it progresses to step S9, and the throttle sensor system NG flag FNGTH is set 
(FNGTH<-1). And it progresses to step S10 and is CHECK. Treatment which turns on the ENGINE 
lamp 55 is performed, abnormality duration counted value CNG is cleared through the above-mentioned 
step S5, and it escapes from a routine (CNG<-0). 

[0071] Thus, the diagnostic result of the throttle sensor system performed for every predetermined time 
is stored in backup RAM 64. In this case, the abnormalities of a throttle sensor system are shown by 
FNGTH=1 and the normal of a throttle sensor system is shown by FNGTH=0. And control of WT is 
performed, referring to this throttle sensor system NG flag FNGTH. 

[0072] Drawing 14 is a flow chart which shows the valve timing control routine which used throttle 
information, and the routine concerned is also performed a predetermined period. In the case of 
FNGTH=0, in the valve timing control by the gestalt of this operation, the aim valve timing VTTGT is 
regulated based on throttle opening. On the other hand, in the case of FNGTH=1, a throttle sensor 
system judges that it is unusual, aim valve timing VTTGT is formed into the maximum lag (VTTGT=0 
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degree), and necessary minimum performance traverse is secured. 

[0073] In the routine of drawing 14 , the throttle sensor system NG flag FNGTH is first referred to at 
step SI 1. And in the case of FNGTH=0, it judges that a throttle sensor system is normal, and progresses 
to the control routine not more than step S12. 

[0074] At step SI 2, an engine 1 judges whether it is an idle state based on throttle information. With the 
gestalt of the operation concerned, the opening of throttle-valve 5a is used as throttle information, and 
the opening of throttle-valve 5 a is computed based on the output value of the throttle opening sensor 48. 
And when the opening of throttle-valve 5a is 0, i.e., a close by-pass bulb completely, it is judged that an 
engine 1 is in an idle state. 

[0075] When judged with an engine 1 not being an idle state at step S12, it progresses to step S13, and 
based on the basic fuel-injection pulse width Tp and the engine speed NE showing an engine load, the 
table (TBL; refer to drawing 6 ) stored in ROM62 is searched, and the aim valve timing (rotation phase 
desired value) VTTGT is set up by interpolation count. 

[0076] If the aim valve timing VTTGT is set up, it will progress to step SI 4, and based on the output of 
cam location sensor 46R (46L) and the crank angle sensor 44, the real valve timing VT which shows the 
real displacement angle of a current rotation phase is computed. 

[0077] After computing the real valve timing VT, it progresses to step SI 5, and the control current value 
IVT over OCV36R (36L) is set up. That is, the control current value IVT required in order to complete 
valve timing as the aim valve timing VTTGT from the present value is computed. With the gestalt of 
this operation, the control current value IVT is computed by searching for the difference of the aim 
valve timing VTTGT and the real valve timing VT, and adding what multiplied it by proportional gain 
to the holding current value IVTH of OCV36R (36L). 

[0078] Here, OCV36R (36L) is controlled in the range whose control current value is 100mA - 1000mA 
as mentioned above. Under the present circumstances, if controlled by the control current value with 
OCV36R (36L), displacement will be carried out to the location which blockades A port 36a and B port 
36b by that land spool 36g of OCV36R (36L). Therefore, the amount of connection of the tooth-lead- 
angle side oil path 34 or the lag side oil path 35, and the oil supply path 40 and the tooth-lead-angle side 
oil path 34 or the lag side oil path 35, and drain ports [ 36d and 36f ] amount of connection become 0%, 
respectively, displacement is not carried out to a tooth-lead-angle or lag side, but passing speed serves as 
zero, and the vane rotor 28 of WT27 is held in the location. The control current value corresponding to 
this maintenance condition is the holding current value IVTH, it is initialized with the value beforehand 
calculated by the simulation or experiment, and this holding current value IVTH is suitably updated by 
JP,8- 109840, A etc. by study as everyone knows. 

[0079] If the control current value IVT is computed at step SI 5, it will progress to step SI 6, the value 
will be set, VVT27 will be controlled based on this, and a rotation phase will be adjusted. Thereby, the 
aim valve timing VTTGT based on an engine operation condition is set up by the basic fuel-injection 
pulse width Tp and the engine speed NE, and the control current value IVT over OCV36R (36L) is set 
up according to the difference of this aim valve timing VTTGT and the real valve timing VT. And 
feedback control is performed so that it may converge on the aim valve timing VTTGT to which the real 
valve timing VT suits an engine operation condition. 

[0080] Moreover, when being judged as an idle state based on throttle opening information in the above- 
mentioned step SI 2, it progresses to step SI 7, and aim valve timing VTTGT is formed into the 
maximum lag (VTTGT<-0 degree), and it progresses to processing not more than step S14. 
Consequently, at the time of an idle, the control current value IVT is set up so that it may converge on 
the aim valve timing VTTGT set as the maximum lag, and the real valve timing VT is controlled by the 
maximum lag. Thereby, the amount of bulb overlap minimizes at the time of an idle, and idle rotation 
stabilizes it by the dissolution of internal EGR. 

[0081] On the other hand, with the gestalt of this operation, in the case of throttle sensor system NG flag 
FNGTH=1, in step SI 1, a throttle sensor system judges that it is unusual, and it progresses to step SI 7. 
And aim valve timing VTTGT is formed into the maximum lag at step SI 7 (VTTGT<-0 degree), and 
after considering as VTTGT=0 degree, it progresses to processing not more than step SI 4. The control 
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current value IVT is computed by this that-izing of the real valve timing VT should be carried out [ the 
maximum lag ] according to the difference of the aim valve timing VTTGT and the real valve timing VT 
at step SI 5, it is set at step SI 6, and valve timing is formed into the maximum lag. 
[0082] Thereby, at the time of the abnormalities of a throttle sensor system, closing motion timing of an 
intake valve 25 is lag-ized, overlap with the exhaust air bulb 26 and an intake valve 25 is minimized, 
and while attaining stabilization of engine rotation, engine power is controlled. Therefore, when an 
engine idle state is undetectable with the abnormalities of a throttle sensor system, aggravation of engine 
combustion is prevented and an engine action is stabilized, and it becomes possible to secure necessary 
minimum performance traverse, and fail-safe control to failure of a throttle sensor system can be 
realized. 

[0083] As mentioned above, although invention made by this invention person was concretely explained 
based on the gestalt of operation, it cannot be overemphasized that it can change variously in the range 
which this invention is not limited to the gestalt of said operation, and does not deviate from the 
summary. 

[0084] For example, although the gestalt of the above-mentioned operation explained only the valve 
timing of an intake valve per [ which is changed according to an adjustable valve timing device ] 
example, this invention is not limited to this, but this invention can be applied if it is the engine with an 
adjustable valve timing device which changes at least one side of the valve timing of an intake valve, 
and the valve timing of an exhaust air bulb according to an adjustable valve timing device at least. 
[0085] Moreover, that there should just be a cam shaft interlocked with a crankshaft at least that what is 
necessary is just an engine with an adjustable valve timing device, the engine to adopt does not need to 
be a DOHC (double overhead camshaft) type engine, and is not limited to horizontally opposed engine. 
[0086] Furthermore, a means of communication between a crankshaft and a cam shaft is not limited to 
the timing-belt method by the gestalt of operation, but proper means, such as a chain method and a gear 
method, can be used for it. 

[0087] In addition, it is not limited to the above-mentioned technique, but the abnormality diagnosis to 
the throttle sensor system shown in drawing 13 can apply the technique of other common knowledge 
suitably. 

[0088] Moreover, with the gestalt of the above-mentioned operation, although the throttle opening 
sensor is used as a throttle sensor, a throttle sensor is not limited to this. That is, the idle switch turned 
on or turned off by the close by-pass bulb completely of throttle- valve 5a may be adopted as a throttle 
sensor. And the idle of a throttle-valve close by-pass bulb completely is judged with this idle switch 
output, and it may be made to perform valve timing control based on this. 

[0089] In addition, the abnormalities of an idle switch are diagnosed with the adjustment by the vehicle 
speed and the engine speed etc. in this case. That is, although the vehicles run state more than the 
predetermined vehicle speed and the condition of high engine speeds are carrying out setup-time 
continuation, when being judged as a throttle-valve close by-pass bulb completely by the idle switch for 
example, it can be diagnosed that an idle switch is unusual. And when an idle switch is diagnosed as 
unusual, valve timing is controlled to the maximum lag. 

[0090] Moreover, although valve timing is set as the maximum lag with the gestalt of the above- 
mentioned operation by setting the aim valve timing VTTGT as the maximum lag at the time of the 
abnormalities of a throttle sensor system, you may make it control valve timing by setting the control 
current value IVT over OCV36R (36L) as a control lower limit (ITV=100mA) to the maximum lag. 
[0091] Furthermore, this invention can be applied, if a setup of aim valve timing is not limited to the 
gestalt of this operation but aim valve timing is set up based on throttle information at least. 
[0092] 

[Effect of the Invention] As explained above, according to invention according to claim 1, the 
abnormalities of a throttle sensor system are diagnosed in the valve timing control unit of the engine 
which controls an adjustable valve timing device to converge on the aim valve timing set up based on 
throttle information at least. And since an adjustable valve timing device is set as the maximum lag 
when throttle sensor systems are abnormalities, when acquisition of throttle information is impossible, 
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while preventing aggravation of engine combustion and stabilizing an engine action, engine power can 
be controlled, necessary minimum performance traverse can be secured, and fail-safe control to failure 
of a throttle sensor system can be performed. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The gestalt of 1 operation of this invention is started and it is the whole engine block 
diagram with an adjustable valve timing device. 

[Drawing 2] The same as the above, the outline block diagram of an adjustable valve timing device 
[Drawing 3] The maximum tooth-lead-angle condition of the same as the above and an adjustable valve 
timing device is shown, and it is the A- A cross section of drawing 2 . 

[Drawing 4] The maximum lag condition of the same as the above and an adjustable valve timing device 
is shown, and it is the A-A cross section of drawing 2 . 

[Drawing 5] Explanatory drawing showing change of the valve timing of an intake valve to the same as 
the above and an exhaust air bulb 

[Drawing 6] Explanatory drawing showing the same as the above and a valve timing property 
[Drawing 7] Explanatory drawing showing change of the amount of bulb overlap of the intake valve and 
exhaust air bulb by the same as the above and the adjustable valve timing device 
[Drawing 8] Front view of the same as the above, a crank rotor, and a crank angle sensor 
[Drawing 9] Rear view of the same as the above and an air inlet cam pulley 

[Drawing 10] Front view of the same as the above, a cam rotor, and a* gas column distinction sensor 
[Drawing 11] The timing diagram the same as the above, a crank pulse, a gas column distinction pulse, a 
cam location pulse, and a combustion line indicate the relation of a gas column, ignition timing, and 
fuel-injection timing to be 

[Drawing 12] The same as the above, circuitry drawing of an electronic control system 

[Drawing 13] The flow chart of the same as the above and throttle sensor system diagnostic routine 

[Drawing 14] The flow chart of a valve timing control routine using the same as the above and throttle 

information 

[Description of Notations] 

1 Engine with Adjustable Valve Timing Device 

18 Crankshaft 

19 Air Inlet Cam Shaft 

23 Air Inlet Cam Pulley (Means of Communication) 

24 Exhaust Cam Pulley 

25 Intake Valve 

26 Exhaust Air Bulb 

27 Adjustable Valve Timing Device 
48 Throttle Opening Sensor 

60 Electronic Control (Valve Timing Setting Means) 
CNG Abnormality duration counted value 
FNGTH Throttle sensor system NG flag 
IVT Control current value 
IVTH Holding current value 
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VH Maximum judging threshold 
VL Minimum judging threshold 
VT Real valve timing 

VTTGT Aim valve timing (rotation phase desired value) 
VTH Throttle opening sensor output voltage 



[Translation done.] 
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izmfr, 7,D-; bWmNG77/FNGTH#a 
K-b? h ?fiT^5*>§i^Wgt?)o Ary7"S 6 I- 
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5 a05^JK7!»*fflv>e.it, 7.uy h*HS'tv*4 8<7)ti5 
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(9) 

15 

[0 0 7 6] l^>7?-f 5>^VTTGTrSSE? 
fiht^T-yfS 1 4 Kji*, *Afif-t>t4 6R 
(4 6L) i:^7>^ft-b>*4 4<Otil*^*o*i > S 

10 0 7 7] 4 5 V/VTJIIiiLfct^f 

•y/Sl 5i:l*> OCV36R (3 6L) U*ti"iW 
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S 1 4 WTtO&SKitfro T-f K*B#Uli, 

flftlC^JnfcSg^T-^^JV^VTTGTi: 50 



001-65376 

16 

«Utti"*J: ^ I VT**RjeS*t. tkt**?9 

K;U$W\ /</l/7'*-'<9 y yS* ? */MbLTrtgCE G 

[0 0 8 1] ^UttO^ffl-CH, ^f'^S 1 1 

Cfiv^t^ny h;H:-/tSNG77^FNGTH= 1 
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